Much attention has been centered on the control of waterhyacinth by chemical methods.
However, the use of herbicides to control such an aquatic weed has always been regarded with suspicion because of the possibilities of danger to man, livestock, irrigated crops, wildlife and aquatic organisms. In addition to possible direct toxicity, indirect hazards may result from the decomposition of plant material.
The herbicide 2, 4-D is one of the most widely recommended chemicals against waterhyacinth all over the world. However, PETTET9) suggests that its large scale application in Sudan provides favourable conditions for seed germination and seedling development through decaying vegetation along the banks of the White Nile.
The decaying process after herbicide application leads to decomposition of plant material which, in turn, is supposed to affect water quality in the waterhyacinth habitat.
In spite of the fact that there is a vast amount of information available on the characteristics of aquatic plants and their potential to alter water quality, little quantitative research has been done concerning the effect of decayed plants on the physico-chemical properties of water. The purpose of this work is to present analyses of several of the physico-chemical parameters of ecological interest in water after application of 2, 4-D dimethylamine and ametryne on waterhyacinth. in the pot was enough to give complete cover on the water surface. The experiment was conducted without nutrition or special arrangement for light, humidity or temperature except that a ventilating fan was operated on hot days to alleviate the high temperature effects.
MATERIALS AND METHODS
Daily minimum and maximum temperatures as well as relative humidity in the greenhouse were recorded. Dimethylamine salt of 2, 4-D (2, 4-dichlorophenoxyacetic acid) at the rate of 22.4 g a. i. /a and ametryne (4-ethylamino-6-isopropylamino-2-methylthio-1, 3, 5-triazine) at 11. 2 g a. i. /a were applied three days after establishment.
Herbicides were applied as 10 liter/a total spray solution with a small air-pump sprayer. Each treatment was replicated three times.
Sampling for water was done using 250ml glass bottle sampler at 15 and 45 cm depths 3, 14, 29, 43, 56, 70, 85, 99, 112 and 126 days after application.
During the course of the experiment, tap water was added every 2 weeks to compensate for water loss. Water loss was recorded just before water compensation. All parameters tested were determined according to standard methods1,7). Dissolved oxygen concentration and water temperature were tested in situ using a polarographic oxygen meter (% saturation scale) at the two depths just before sampling (between 8-10a.m.). Dissolved oxygen as mg/l was calculated from the meter's reading considering oxygen solubility at the water temperature and the atmospheric pressure during measurement. Samples were analyzed for other parameters in the laboratory. The analyses were carried out for total and inorganic carbon using a TOC-10A analyzer, pH using a glass electrode meter, chlorophyll a using the spectrophotometric method, chemical oxygen demand using the dichromate reflux method, total suspended matter (total nonfilterable residue dried at 103-105C) using glass fiber disks, soluble orthophosphate using the vanadomolybdophosphoric acid colorimetric method, and ammonia nitrogen using the ammonia electrode method. pH was determined immediately after sampling and the other parameters successively thereafter. Samples were preserved temporarily in 1 liter plastic bottle at 1C. Combused test tubes with silicon stoppers were used to preserve subsamples at -20C for carbon analyses. (Table 1) . How- Table 1 . Averages for water loss after application of 2, 4-D dimethylamine and ametryne on waterhyacinth.
RESULTS
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-43-ever, the final fresh and dry weights of ametryne treated plants were lower than those of the untreated control ( Table 2) . On the other hand, the apparent insignificant increase in the final fresh weight of untreated plants compared to their initial value is mostly due to the lack of nutrition and beginning of cold weather.
Effects on Water Quality
The initial water used in the experiment was analyzed for various parameters.
The following concentrations were found: Dissolved oxygen and water temperature measurements, and sampling were done 3 days after water compensation except for 3rd, 4th, 7th and 8th sampling in which the measurements and sampling were done after 4 days due to unavailability of dissolved oxygen equipment one day before. photosynthesis can lead to an increase in carbon dioxide which, in turn, converts to carbonic acid leading to such a pH decline in the untreated control in the first 4 weeks. The decaying of old leaves may be responsible for the following pH fluctuations.
A rapid increase in total suspended matter was found in 2, 4-D treatment, and a moderate and slight increase in ametryne treatment and untreated control, respectively ( Table 5 ). The maximum amount of suspended matter in 2, 4-D treatment occurred 12 weeks after application.
The differences in suspended matter reflect the differences in decaying matter and plankton population.
Chemical oxygen demand increased in all treatments ( Table 5 ). The rate of increase was highest for 2, 4-D treatment, followed by ametryne treatment and then untreated control. The maximum value for chemical oxygen demand in 2, 4-D treatment occurred 12 weeks after application, the same timing as maximum suspended matter. The differences also reflect the oxidisable decaying matter and plankton abundance.
Inorganic carbon increased gradually in 2, 4-D treatment until 6 weeks, then fluctuated slightly; in ametryne treatment it increased slightly until 6 weeks and then gradually declined, while in the untreated control it decreased rapidly until 4 weeks when slight fluctuations began ( Table 6 ). The pattern of changes in inorganic carbon level in all treatments resembles the pattern of pH to a great extent. This may reflect the effect of released inorganic carbon Table 5 . Averages for total suspended matter and chemical oxygen demand after application of 2, 4-D dimethylamine and ametryne on waterhyacinth. Table 6 . Averages for total, inorganic and organic carbon after application of 2, 4-D dimethylamine and ametryne on waterhyacinth.
-45-compounds on the hydrogen ion concentration.
Organic carbon increased gradually in 2, 4-D treatment and reached its maximum 12 weeks after application while in ametryne treatment it increased slightly until 8 weeks and then had some fluctuations ( Table 6 ). The general trend of organic carbon resembles total carbon trend in all treatments because the carbon compounds were almost organic.
Soluble orthophosphate increased with time in 2, 4-D treatment until 6 weeks and then had some changes (Table 7) . 2, 4-D treatment had higher values than ametryne treatment or untreated control. These differences may be a result of nutrient release due to the decaying process.
Ammonia nitrogen also increased gradually in 2, 4-D treatment especially in the upper depth which contained a higher concentration than the lower one ( Table 7) . Chlorophyll a, the indicator of phytoplankton biomass, increased steadly in 2,4-D treatment and reached the maximum 12 weeks after application and then declined with time (Table 8 ). This reflects the greater abundance of phytoplankton compared to ametryne treatment and untreated control.
Water temperature generally followed the trend of the minimum temperature of the greenhouse (Table 9 ). However, the upper depth in 2, 4-D treatment had a higher temperature than the lower depth or the other treatments.
These differences may be attributed to the effect of suspended matter, and to algae and plankton abundance on some physical properties of water.
On the other hand, water loss showed the highest value 25 days after application in all treatments ( Table 1 ). Water loss from 2, 4-D treatment was less than ametryne treatment but both Table 7 . Averages for soluble orthophosphate and ammonia nitrogen after application of 2, 4-D dimethylamine and ametryne on waterhyacinth. cerned with decay; the oxygen could then be restored by increasing photosynthetic activity of phytoplankton and algae which was enhanced by the absence of waterhyacinth cover. WALSH and HEITMULER10) found that after herbicide treatment and subsequent decay of aquatic plants a large increase in filamentous algae occurred. Such results also are in line with FISH3) who found that considerable numbers of planktonic algae developed after diquat application for the control of Lagarosiphon major in a lake. Untreated control in the present study contained much less phytoplankton and algae. This result is similar to the results of MCVEA and BOYD6) who revealed that competition of waterhyacinth with phytoplankton involved shading and removal of phosphorus from the water causing a decrease in phytoplankton production. Release of carbon compounds was found in the present study to be a result of the decaying of plants and hydrogen ion concentration was affected. Chemical oxygen demand and suspended matter increased and had almost the same trend.
Generally, the maximum water pollution as indicated by carbon, chlorophyll a, chemical oxygen demand, suspended matter and ammonia nitrogen occurred 12-14 weeks after 2, 4-D application; deoxygenation occurred after 2 weeks, remained at low level up to 8 weeks and after 10 weeks an increase in dissolved oxygen was recorded.
This reflects the extent of deoxygenation and water pollution after herbicide application under the conditions of this experiment.
On the other hand, the regrowth which occurred in ametryne treatment proved that incomplete chemical control of waterhyacinth may cause many infestation problems in terms of creating more active plants.
It must be recognized that this experiment was carried out in a closed system and under greenhouse conditions. Many investigations are still needed under field conditions in which the water chemistry, environmental conditions, waterhyacinth cover and stage, and presence of other aquatic organisms vary. SUMMARY 2, 4-D dimethylamine at 22.4g a.i./a and ametryne at 11.2g a.i./a were applied on waterhyacinth in 150 liter-60cm deep plastic pots in the greenhouse on July 9th, 1979.
Dissolved oxygen, water temperature, pH, total suspended matter, chemical oxygen demand, organic and inorganic carbon, chlorophyll a, soluble orthophosphate and ammonia nitrogen were assayed at 15 and 45cm depths for 126 days after the application. 2, 4-D gave complete kill for waterhyacinth plants 3 weeks after application while ametryne treated plants were partially killed. The decomposition of waterhyacinth as a result of 2, 4-D application resulted in changes in water quality: oxygen depletion from 2 to 8 weeks after application; production of algae and phytoplankton; release of carbon compounds; phosphorus and ammonia production; and increase in pH, chemical oxygen demand and suspended matter.
Maximum water pollution indicated by these parameters occurred 1214 weeks after application. Differeneces in water quality between treatments and untreated control are presented. 
